the aim of the this retrospective study was to investigate the clinicopathological features of gastric cancer (GC) in young patients and the potential impact of age on the prognosis of patients undergoing radical gastrectomy for GC. From November 2010 to November 2016, 317 young (≤45 years) and 1344 older patients (>45 years) who underwent radical gastrectomy for stage I-III GC were enrolled. the association between age and prognosis was estimated by univariate and multivariate analyses after propensity score matching (psM). Compared with older patients, the proportion of females, poorly differentiated tumors, good nutritional status, and who received neo-adjuvant and/ or adjuvant chemotherapy was significant higher in younger patients, but were less likely to suffer from comorbidities or post-operative complications (all P < 0.05). PSM analysis created 310 pairs of patients. After matching, the long-term survival in younger patients was significantly longer than in older patients at stage I, but similar at stages II and III. However, a young age was not identified as a significant prognostic factor. In conclusion, the prognosis of young GC patients is comparable with and even better than that in older patients after radical gastrectomy when matched for baseline characteristics. early detection could improve the prognosis of young GC patients.
Gastric cancer (GC) is the fourth most frequently diagnosed malignancy worldwide and is ranked as the second leading cause of cancer-related death in China 1, 2 . Despite a steady decrease in the incidence of GC over recent decades, the incidence and mortality of GC among young patients is increasing in both Eastern and Western countries [3] [4] [5] . Previous studies have revealed that 5.2-19.8% of GC occurred in patients aged ≤45 years [6] [7] [8] [9] [10] [11] . Although the unique clinicopathological features of GC in young patients have been defined in a number of studies, including female predominance, diffuse histological types, lymph node metastasis, poorer differentiation and unresectability [6] [7] [8] [9] [10] [11] , the prognosis of young GC patients after gastrectomy remains controversial. A number of authors have argued that young GC patients have a poorer prognosis mainly because of more aggressive tumor behaviors and delayed diagnosis 9, 10, [12] [13] [14] . However, other researchers found that age was not an independent predictor for survival, and the oncological outcomes of young GC patients was similar or even better than those of older patients 6, 7, 11, [15] [16] [17] . Possible explanations for the conflicting data were the variable definitions of young age and inconsistency in patient inclusion criteria. We hypothesize that the poorer prognosis for young GC patients are not necessarily due to age itself, but may be related to other related prognostic factors, such as an advanced tumor stage and more aggressive tumor behaviors. The aim of this retrospective study was to investigate the clinicopathological features of GC in young patients and the potential influence of age on overall survival (OS) and disease-free survival (DFS) in patients who underwent radical gastrectomy for GC, based on a prospectively . The main peri-operative management and follow-ups have been described in our previous studies 19, 20 . Briefly, for patients with early GC, gastrectomy with D1 or D1 + lymph node dissection was performed by laparoscopy or a laparoscopy-assisted procedure. While for most patients with advanced GC, a midline incision and laparotomy with D2 or D2 + lymphadenectomy was the primary surgical type. Combined multi-organ resection was considered to achieve R0 resection when deemed necessary. Neo-adjuvant chemotherapy was applied in 91 patients with stage cT3-4N + GC, in a standard manner with S-1 plus oxaliplatin (SOX), or epirubicin, cisplatin plus fluorouracil (ECF) as the main regimens for 2 to 4 cycles before surgery 18, 21 . For those patients with post-operatiive pathologically diagnosed stage II/III or T1N1M0, adjuvant chemotherapy (fluorouracil and platinum-based regimens) was administered within 6 months of their operations 18 . Patients were followed-up every 3-months for 1 to 2 years, and every half-year for 3 to 5 years, and then annually thereafter until December 2017. Physical examination and serum tumor markers were measured at each follow-up. Computed tomography (CT) scans and/or ultrasonography were carried out at 6-month intervals during the 5 years after surgery and endoscopy was performed at 2-year intervals. Magnetic resonance imaging (MRI), positron emission tomography and/or biopsy was performed when distant metastasis was suspected. Chemotherapy, radiochemotherapy, molecular targeted drugs, traditional Chinese herbal drugs, and conservative treatment, either alone or in combination, were the main treatments for those with tumor recurrence. Very few patients had the opportunity to undergo re-section.
Definitions and data collection. Young patients were defined as individuals who ≤45 years old at the time of surgery, as reported by previous studies [6] [7] [8] [9] [10] . Staging was performed in conformity with the 7th Union for International Cancer Control (UICC) tumor, node, metastasis (TNM) classification 22 . Complications were defined as morbidity and mortality within 30 days after surgery and defined according to Clavien-Dindo classification 23 . Major complications were defined as Clavien-Dindo grade III or greater. For those patients developed multiple complications, Clavien-Dindo stage was classified according to the most severe one. OS was calculated from the time of gastrectomy until death or the last follow-up. DFS was measured from the time of gastrectomy to the date at which the first recurrence was identified. Clinicopathological characteristics including patients' demographics, operative and oncologic details, and survival data were obtained from our prospectively registered database.
psM. To balance any differences in baseline characteristics between the 2 groups, young patients were matched to old patients using the PSM method by a logistic regression model, as previously described 24, 25 . The propensity score for each patient was calculated, taking into account that the basic variables differed significantly between www.nature.com/scientificreports www.nature.com/scientificreports/ younger and older patients, such as gender, the American Society of Anesthesiologist (ASA) score, any comorbidities, neo-adjuvant chemotherapy, preoperative albumin levels, differentiation stage, postoperative complications and adjuvant chemotherapy. Nearest neighbor matching was performed in a 1:1 ratio without replacement and a caliper width with a 0.01 standard deviation (SD) was specified. statistical analysis. Data were analyzed using SPSS software (Ver. 24.0, IBM Corporation, New York, US).
Baseline categorical and continuous variables are presented as means ± SD and numbers (%), and were compared using a t-test, Fisher's exact or χ 2 tests, as appropriate. OS and DFS rates were estimated by the Kaplan-Meier method. The differences between survival curves were evaluated by a long-rank test. Associations between variables and OS or DFS were assessed by univariate and multivariate Cox proportional hazard regression analysis. Variables that were considered to be potentially important for univariate analysis (P ≤ 0.05) and age were entered into the multivariate analyses. A result was considered to be statistically significant when P < 0.05. ethical approval. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Results
Baseline characteristics. As shown in Figure 1 , a total of 1661 GC patients at stage I-III who underwent radical gastrectomy were analyzed. Of these, 317 cases (19.1%) were ≤45 years of age (young group) at the time of surgery, and the remaining 1344 cases (80.9%) were >45 years (old group). The clinicopathological characteristics of the 1661 patients are shown in Table 1 . Compared to old patients, young GC patients had a slight female predominance, with less ASA scores, lower proportions of comorbidities and post-operative complications, more likelihood of receiving neo-adjuvant and/or adjuvant chemotherapy, with higher pre-operative albumin levels, but poorer histological classification of their tumors (all P < 0.05).
Among the 317 young patients in the present study, the median age was 40 years (range, 19-45), 27 cases were ≤30 years of age and 165 cases ≤40 years old. Slightly more of the cohort of patients was female (50.8%). Thirty-one patients (9.8%) underwent neo-adjuvant chemotherapy (fluorouracil + platinum). Concerning the histological classifications, moderate to poorly differentiated tumors (281 cases, 88.6%) were clearly predominant. The majority of patients were diagnosed at an advanced tumor stage, including 200 cases (63.1%) with serosal invasion, 194 cases (61.2%) with lymph node metastasis and 167 cases (52.7%) of pathological TNM stage III. After surgery, most of the patients (214 cases, 89.9%) with stage II/III GC received fluorouracil and platinum based adjuvant chemotherapy within 6 months of surgery.
There was no significant association between young age (≤45 years) and OS or DFS among the entire 1661 patients by long-rank test (P = 0.724 and 0.661, respectively). After adjusting for potential confounding factors (including variables with a P value ≤ 0.05 in univariate analysis) by a multivariate Cox regression analysis, young age was not identified to be an independent risk factor (P = 0.882 and 0.483, respectively) (Supplementary Tables 1 and 2 ).
psM analysis. After a 1:1 matching according to the propensity score, 310 young patients were matched to 310 patients in the old group. The basic covariates between the 2 groups in the matched data are listed in Table 1 . After matching, all of the baseline characteristics became comparable between the 2 groups (P > 0.05), except for mean age (39.60 ± 5.34 years vs 56.38 ± 6.82 years, P < 0.001), which was not entered into the subsequent PSM analysis.
survival analysis. After median observation periods of 27 months (range, 3-86), 190 cases (30.6%) in the matched 620 patients died, including 176 deaths due to GC (92.6%), with 91 (29.3%) deaths in the young group and 99 (31.9%) in the old group (P = 0.486), respectively. OS rates in young patients at 1, 3, and 5 years were 93.0%, 70.3%, and 65.3% respectively, which were comparable to those in the old group (92.1%, 67.2% and 58.7%, P = 0.341) ( Figure 2A ). As shown in Table 2 , there was no significant association between young age (≤45 years) and OS among the matched 620 patients after univariate analysis (P = 0.341). After adjusting for potential confounding factors (including variables with a P value ≤ 0.05 in univariate analysis) by a multivariate Cox regression analysis, young age was not identified to be a significant predictive factor (P = 0.893).
Tumor recurrence occurred in 201 patients (32.4%) during the observation period, with 97 cases (31.3%) in the young group and 104 cases (33.5%) in the old group (P = 0.548). The DFS rates at 1-, 3-and 5-years in the young patients were 83.9%, 68.2%, 64.7%, and clearly similar to those in old patients (84.8%, 66.3%, 54.8%, respectively, P = 0.368) ( Figure 2B ). Regarding OS, young age was not significantly related to DFS, confirmed by univariate and multivariate Cox regression analysis (P = 0.969) ( 8%) . Interestingly, among patients with stage I GC, the 5-year OS and DFS rates were 100% and 100% in young patients, which were significant greater than in old patients (76.8% and 72.5%, P = 0.002 and P = 0.001, respectively). With regard to stages II and III, the 5-year OS and DFS rates were all comparable between young and old patients. Figures 3 and 4 show the OS and DFS curves at each stage. 
Discussion
Although a number of studies have investigated the clinicopathological characteristics of GC in young patients and the impact of age on the oncological outcomes, the conclusions are contradictory and perhaps even confusing [9] [10] [11] [12] [13] [14] [15] [16] [17] . Wang et al. 16 conducted a retrospective analysis of 3930 GC patients who underwent radical gastrectomy including 342 cases (8.7%) aged ≤40 years at the time of surgery, and concluded that the 5-year OS in young patients was longer than in old patients, despite young patients exhibiting more aggressive tumors and a higher recurrence rate. Another retrospective study of 1124 patients reported that both the OS and DFS rates were comparable between the patients aged 40 years or younger (n = 115) and the remaining 1009 patients aged between 56 and 75 years 15 . But there were also several studies that revealed prognosis was poorer in young GC patients than in older ones, mainly due to more aggressive tumor behaviors and the advanced stage of the disease 9, 10, [12] [13] [14] . Possible explanations for the conflicting results were the variable definitions of young age and the inconsistency in patient inclusion criteria. Young age was defined as younger than 30, 40, 45, or 50 years old in previous studies 3, [6] [7] [8] [9] [10] [11] 13, [15] [16] [17] 26 . Considering the extremely low incidence of GC in patients under 40 years and the mean age of patients in the entire cohort of the present study was 55.1 years, we selected 45 years as the cut-off age to define young patients, as reported by the majority of previous studies [6] [7] [8] [9] [10] . The potential impact of age on prognosis may be difficult to clarify in patients with stage IV GC, who experienced widespread metastases and extremely disappointing survival times, but were included in most of the studies [6] [7] [8] [9] 15, 16 . In addition, the majority of the previously published literature that investigated the relationship between age and GC prognosis was based on small sample sizes, with a long study time period over 10 years, and lacking of recent data, which may affect the accuracy and precision of the Cox regression model and the reliability of conclusions drawn 6, [9] [10] [11] . To the best of our knowledge, our study is the first conducted to investigate the potential impact of age on prognosis based on patients who were managed after 2010, with large sample size, and using PSM analysis. Such a study is necessary because advances in surgical techniques (such as laparoscopy procedures), establishment of D2 lymph node dissections, neo-adjuvant chemotherapy and adjuvant chemotherapies for advanced GC occurred in the past decade.
Consistent with previous studies, the clinicopathological features between young and old GC patients varied significantly before matching. Some of these factors, such as histologic classification of the tumor, pre-operative immunological and nutritional status, post-operative complications, and especially adjuvant chemotherapy, have been confirmed to play an essential role in prognosis after gastrectomy for GC [27] [28] [29] . Thus, the association between age and survival may be confused by these factors. Therefore, we explored the potential influence of young age on survival of patients who underwent radical gastrectomy, using PSM and multivariate Cox regression analyses to make the clinicopathological characteristics between young and old patients comparable, and to investigate the impact of other putative risk factors.
PSM has been proposed as a statistical technique to deal with confounding bias and to mimic a randomized clinical trial, and as a result increase the evidence level in observational studies 24, 30 . As shown in Table 1 , the differences of the basic factors between young and old patients were balanced out after matching. Young age was identified not to be a significant predictor for decreased OS or DFS by further multivariate Cox regression analyses (P = 0.893 and 0.969, respectively) among the matched 620 patients. In contrast, the tumor stage and operation-related factors such as lymph node metastasis, serosal invasion, longer duration of surgery and peri-operative transfusion were identified to be more important risk factors for long term survival than age in GC patients after radical gastrectomy. Thus, the negative influence of young age on prognosis of GC patients defined by previous studies is likely not associated with age itself but rather with the tumor behavior and operation-associated factors. PSM in combination with multivariate Cox regression analyses can offer more powerful statistical strength and thus make the final conclusions more robust and reliable 25 . www.nature.com/scientificreports www.nature.com/scientificreports/ Variables N 3-,5-year OS rates UV P value MV HR (95% CI) MV P value Table 2 . Univariate and multivariate analyses of prognostic factors for overall survival after radical resection of gastric cancer in the propensity matched cohort (n = 620). OS, overall survival; CI, confidence interval; HR, hazard ratio; UV, univariate analysis; MV, multivariate analysis. Table 3 . Univariate and multivariate analyses of prognostic factors for disease-free survival after radical resection of gastric cancer in the propensity matched cohort (n = 620. DFS, disease-free survival; CI, confidence interval; HR, hazard ratio; UV, univariate analysis; MV, multivariate analysis.
www.nature.com/scientificreports www.nature.com/scientificreports/ The proportion of young GC patients in the present study was 19.1%, which was comparable with the 19.5% and 19.8% reported by Park et al. and Braga-Neto et al. 7, 10 , but significantly greater than the 5.2% and 8.5% reported in other studies 9, 12 . One possible explanation is the relatively high incidence of GC in Eastern Asia, and the mean age at diagnosis is significant younger in patients than in Western countries 20, 31 . In general, GC more commonly occurred in men in old patients whereas in young patients, female are affected at the same rate or more often than males. Although the reason for the increased frequency in females is still unknown, scholars have argued that this might be hormonally related 32 . As reported in previous studies, GC in young patients presents with more aggressive histological characteristics, such as poor differentiation, but this finding was not confirmed to be significantly associated with OS or DFS in the present study.
Although a few studies have investigated the prognosis of young GC patients, some of them have taken all stages of the tumor in to account. In fact, long-term survival between each stage could be significantly different, especially in those patients with distant metastasis who received unresection treatments. Thus we compared the survival rates at 1-, 3-and 5-years between young and old patients according to the tumor stage. Interestingly, both of the 5-year OS and DFS rates were 100% in young GC patients at stage I, which were significant higher than those in the older patient group. The reason is probably because young patients have better immunological and nutritional statuses, which may play an essential role in the prognosis of GC, independent of age, the TNM stage and histology 27 . Whereas for patients at stage II/III, obviously more young patients received neo-adjuvant and/or postoperative chemotherapy compared with older patients before matching (9.8% vs 4.5%, P < 0.001; 89.5% vs 72.1%, P < 0.001), which may significantly affect the prognosis. Moreover, postoperative complications, such as intra-abdominal infection, which have been identified to have negative impacts on the prognosis of GC patients after radical gastrectomy 28 , were significantly more common in old patients. Whereas after matching, similar percentages of patients who received neoadjuvant (8.4% vs 10.6%, P = 0.338) and/or adjuvant chemotherapy (91.8% vs 89.9%, P = 0.803) had comparable postoperative complications (4.8% vs 7.4%, P = 0.180) in the 2 groups. Further analysis revealed that prognosis was comparable for stage II and III GC between young and old patients (Figures 3 and 4) . Although moderate-or poor-differentiated tumor was more common to see in young patients as shown in Table 1 , the lower incidence of postoperative complications and higher rates of receiving adjuvant chemotherapy might partly explain the similar prognosis between the 2 groups, a conclusion echoed by Hsieh et al. 15 . www.nature.com/scientificreports www.nature.com/scientificreports/ The limitations of the present study should be noted. First, the major limitation was its retrospective nature and single-institution design. Second, some important variables which may affect the prognosis of GC patients were not included in this study, such as the Lauren classification, the exact treatments (such as chemotherapy, radiochemotherapy, and reoperation) after tumor recurrence, and molecular profile of these patients, thus the possible reasons lie behind the association between age and prognosis of GC could not be clarified, and further studies are needed. Third, the median follow-up time (27 months) was relatively short, especially for stage I GC patients, in whom the 5-year survival rate was reported to be over 95% in some centers 33 . Fourth, only patients without distant metastasis and undergoing radical gastrectomy were included. Previous studies have reported that stage IV and unresectable disease was significantly more common in young GC patients at diagnosis 7, 10 . Thus, our conclusions must be interpreted with caution when applied to patients with stage IV disease. Last but by no means least, although PSM analysis has the advantage of balancing the baseline characteristics between the 2 groups, it restricts the analysis to a relatively small sample size, thus inevitably limiting the statistical power.
Conclusions
The prognosis is comparable with, and even better than, that of old patients after radical gastrectomy, according to the tumor stage, identified by a combination of PSM. and multivariate Cox regression analyses. Early detection should improve the long-term survival of young patients with GC.
